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Fabrication of a High  Performance Waveguide Integrated
Germanium pin Photodetector
Liu Daoquni,2, Li Zhihual, Feng Junbo3, Tang Bol, Zhang Pengl, Wang Guileil
(1.Key Laboratory of Microelectronics Device and Integrated Technology, Institute of
Microelectronics,
Chinese Academy of Science, Beijing 100029, China; 2. University of Chinese Academy of
Sciences,
Beijing 100049, China; 3.The 38th Research Institute, CETC, Hefei 230088, China)
Abstract: A high  performance waveguide integrated germanium (Ge) pin photodetector was
fabricated on the patterned silicon  on insulator (SOI) wafer by the process compatible with
the CMOS technique. The length of the Ge region in the photodetector is 15 1 m, while the
width increases from 1 Em to 5 L m with an increment of 1 1 m. The light is evanescently
coupled from the silicon waveguide to the photodetector. In order to further improve the
performance of the detector, a focusing coupling grating and a wedge coupling
enhancement structure were adopted in the structure design, and the selective epitaxial growth
method was used to improve the quality of the Ge. The performances of the device were
characterized by a series of the tests, including the dark current, responsivity, frequency
bandwidth and eye diagram. The test results show that for the photodetector with a size of 15
pmX4 um at -2 V reverse bias voltage, the dark current is as low as 169 nA, the maximum
responsivity and 3 dB bandwidth are 0 43 A/W and 48 GHz at 1 530 nm wavelength,
respectively, and the obtained 40 Gbit/s eye diagram is clear.
Key words:photodetector; waveguide integration; selective epitaxy; germanium (Ge); pin; silicon
on insulator(SOl)
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Photoelectric Properties of a Single Ni/NiO

Core  Shell Nanowire Device

Xiang Wenfeng1, Liu Yil, Hu Minghaol, Chen Shaohual, Zhao Songgingl,2

(1.Beijing Key Laboratory of Optical Detection Technology for Qil and Gas, China University of
Petroleum

Beijing, Beijing 102249, China;2. Faculty of Art and Science, China University of Petroleum
Beijing at

Karamay, Karamay 834000, China)

Abstract:The Ni nanowires were prepared by the chemical reduction method, and then the
Ni/NiO core  shell nanowires were obtained by high temperature oxidation. Finally, the single
Ni/NiO core shell nanowire device was fabricated by the semiconductor process, and the
photoelectric characteristics of the single Ni/NiO core  shell nanowire device were measured
and analyzed. The |  V curves test results show that the device has good rectification properties.
At -1 V bias voltage, the dark current and photocurrentare 1 6 and 15 LU A, respectively. The
photocurrent is about 10 times of the dark current. Under the laser pulse irradiation with a
wavelength of 248 nm and a power density of 40 mW/cm2, the maximum photovoltage of the
device is about 23 mV with the responding time is about 1 1 's. The fitting curve shows that the
first recovery time and the second recovery time of the deviceare3 3 and 25 U s, respectively.
It is obviously found that the recovery time is much longer than the responding time, which is
possibly induced by lots of defects in the Ni/NiO core shell nanowire hindering the
recombination between the photo  induced electrons and holes

Key words:Ni/NiO core shell nanowire; photoelectrical property; rectification property;
responding time; recovery time
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Application of the High Thermal Conductivity Nano  Silver
Adhesive in High Power Devices
Hong Qiulong, Fu Xingchang, Ji Naiyi, Liu Xixi

(The 13th Research Institute, CETC, Shijiazhuang 050051, China)
Abstract: The performances of the high thermal conductivity nano silver adhesive were
analyzed and compared with those of the Au80Sn20 solder. The nano  silver adhesive was used
in a high power device, and the shearing strength of the bonded chip was tested to validate the
reliable connection strength of the nano  silver adhesive. Then the bonding parameters of the
sample bonded by the nano  silver adhesive ware adjusted, and the pulling force of the bonded
wire was tested. The results show that the pulling force is in the normal range. Besides, the
thermal resistance of the device was tested and the result was compared with that of the sample
soldered by Au80Sn20. The temperature distributions were almost identical. Furthermore,
various electrical properties were tested, and all the parameters were in the normal range. All the
results indicate that the nano  silver adhesive can replace Au80Sn20 solder to be applied for a
high power device.
Key words:nano  silver adhesive; power device; conductive adhesive; thermal resistance; solder
DOI:10.13250/j.cnki.wndz.2018.05.003EEACC:0170)
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Design and Simulation of the Columnar Preconcentrator
Based on the Microfluidic Channel
Cheng lJiel,2, Li Mingxiaol, Yie Yifeil,2, Yuan Mingyu3, Liu Yang3, Zhao Yangl, Huang
Chengjuni,2

(1.R&D Center of Health Care Electronics, Institute of Microelectronics of Chinese Academy of
Sciences,
Beijing 100029, China;2. School of Future Technology, University of Chinese Academy of Sciences,
Beijing 101400, China;3. Industrial Technology Research Institute, Zhengzhou University,
Zhengzhou 450001, China)
Abstract:The premise of detecting trace level gas molecules is to realize high  efficiency gas
enrichment. To solve the problem, the structure design and simulation data of the columnar
preconcentrator on the microfluidic chip were presented. Based on the study of microfluidics in
gas phase fluids, six kinds of silicon ~ based micro  columns with four geometriesi e. circle,
diamond, rectangle and triangle and different arrangement patterns were designed using the
micro  electro  mechanical system (MEMS) technology. The finite element analysis (FEA)
method was used to simulate and analyze the models of the columnar preconcentrator. Four
factors including the micro  column shape, flow channel sidewall, micro  column spacing and
inlet  outlet mode were optimized for the structure. The results show that the preconcentrator
with the hierarchical mode of the inlet and outlet and the 50 1 m spacing triangular micro
column of the convex groove wall and dislocation in the same direction has a low gas flow rate
and concentration variance, thus the gas sample can be effectivly enriched and captured in the
micro  column array, which is conducive to the subsequent detection of gas molecules.
Key words:micro  column; gas phase microfluidics; preconcentrator; finite element analysis
(FEA); micro  electromechanical system (MEMS)
DOI:10.13250/j.cnki.wndz.2018.05.004EEACC:7230;2575D
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W  Band MEMS Waveguide Passband Filter
with a Non  Resonating Node
Xiao Hongl, Chen Jing2, Duan Junpingl, Zhang Binzhenl

(1. Science and Technology on Electronic Test and Measurement Laboratory, North University of
China,
Taiyuan 030051, China; 2.No 706 Institute, The Second Academy of China Aerospace Science
and
Industry Corporation, Beijing 100854, China)
Abstract:A W  band rectangular waveguide passband filter with a non  resonating node was
designed to realize the transfer function with arbitrarily placed transmission zero. The filter
consists of a T type junction waveguide, two TE101 mode resonant cavities and four pairs of
inductive irises. A TE101 mode resonant cavity was connected to the T type junction
waveguide. And the resonant cavity can generate a transmission zero that can be controlled
independently by adjusting the structure parameter dimensions of the resonant cavity. The
whole structure parameters of the filter were simulated and analyzed by Ansoft HFSS software,
and the transmission zero was placed on any side of the passband to improve the out of band
suppression of the filter. The filter prototype with a transmission zero below the passband was
fabricated by the micro electromechanical system (MEMS) process and measured. The
measured results as a whole are in good agreement with the simulation results.
Key words:passband filter; non  resonating node; transmission zero; rectangular waveguide;
micro  electromechanical system (MEMS)
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New Thin  Film High Temperature Pressure Sensor

Based on the HTCC
Wang Haixinga,b, Ji Yaohuia,b, Lu Feia,b, Tan Qiulina,b, Xiong Jijuna,b
(a.Science and Technology on Electronic Test and Measurement Laboratory; b.Key Laboratory of
Instrumentation Science & Dynamic Measurement of Ministry of Education, North University of
China,
Taiyuan 030051, China)
Abstract:Passive pressure sensors have broad application prospects in some extreme
environments. A new type of passive LC film high temperature pressure sensor was proposed,
and several groups of the interdigital capacitance were added on the basis of the traditional
planar spiral inductor. The substrate of the sensor was made of high temperature co fired
ceramic (HTCC). And the planar spiral inductor and interdigital capacitance were integrated on
the HTCC substrate through the post  burn thick film process to complete the preparation of
the sensor. Compared with the traditional LC sensor, the sensor realizes the single  layer wiring
and has the advantages of simple process and low cost. Under the laboratory conditions, the test
platform was built by the combination of high temperature and pressure, and the pressure
performance of the sensor was tested at high temperature. The test results show that the sensor
can work stably in the environment of 800 ‘C. Besides, the pressure in situ test was
completed in the scope of 1 to 4 bar (1 bar=105 Pa) . The result indicates that the resonant
frequency of the sensor decreases with the increase of the external pressure, and the resonant
frequency almost changes linearly with the pressure under the same ambient temperature.
Key words:high temperature pressure sensor; interdigital capacitance; high temperature co
fired ceramic (HTCC); in  situ test; resonant frequency
DOI:10.13250/j.cnki.wndz.2018.05.006EEACC:7230M;2575
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Structure Design of a MIMU Rubber Isolator

Lin Haifeng, Shen Chaoqun, Yang Yongjun, Shen Lu, Wang Ning, Liu Yiyun

(The 13th Research Institute, CETC, Shijiazhuang 050051, China)

Abstract: Based on the theory of six kinds of vibration isolation patterns of the isolator and the
principle of damped  free vibration theory of the single degree of freedom (DOF), the suitable
mode of the vibration isolation was selected and the influencing factors of the resonance
frequency of micro inertial measurement unit (MIMU) rubber isolators were analyzed in order to
reduce the influences of the vibration and impact of the external environment on the output of
the MIMU. A structure of the MIMU rubber isolator was designed through establishing an
effective finite element model to analyze the frequency response of the MIMU rubber isolator
and changing the factors, such as the structures of the inner ring and outer ring, the material
hardness of the vibration attenuation rubber and so on. Finally, the swept  frequency vibration
test of the MIMU prototype with the rubber isolator was completed. The experimental results
are consistent with the expected design results. The experiment results show that the structure
can reduce the influence of external and internal vibration interference, and make the stiffness of
the damping system equal in three directions. The research provides an effective method for the
structure design of MIMU rubber isolators.

Key words:micro inertial measurement unit (MIMU); finite element simulation; rubber isolator;
vibration attenuation; tri  directive equal rigid
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MEMS Capacitive Pressure Sensor Based on
the SOI Technique
Bian Yumin, Yang Yongjun
(The 13th Research Institute, CETC, Shijiazhuang 050051, China)
Abstract:A high  accuracy micro  electromechanical system(MEMS) capacitive pressure sensor
was developed utilizing the silicon on insulator (SOI) technology for the flight altitude
measurement, meteorological environment monitoring and medical industry. The structural
modeling, static force and modal simulation and analysis were carried out by the finite element
analysis software. The sensing structure consists of a sensing capacitor and a reference capacitor
with the differential output form, thus the effects of the temperature drift and gravity error on
the accuracy of the pressure measure can be reduced effectively. The performances of two
sensing films with island and without island were compared. The SOI sensing capacitive plate was
fabricated based on the mature MEMS technology to improve the sensor performance, and a
vacuum chamber was made by the silicon  silicon bonding technique. The performances of the
sensor chip packaged by plastic packaging were tested with the high and low temperature
pressure measure system. The test results show that the sensor is of 30-120 kPa full measure
range,0 04%-0  09% nonlinearity and 1 Pa resolution.

Key words:micro  electromechanical system (MEMS) ; capacitive pressure sensor; high
accuracy; silicon on insulator (SOI); silicon  silicon bonding
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Force Sensitivity of MEMS  Based Ring, Rectangle
and 12 Shaped AFM Probes
Xiong Zhuang, Qu Mingshan, Zhang Zhaoyun, Yang He
(Institute of Electronic Engineering, China Academy of Engineering Physics,
Mianyang 621999, China)
Abstract: The micro  electromechanical system (MEMS) based ring, rectangle and 12 shaped
resonators have shown great potential to be used as the atomic force microscope (AFM) probes
for the physical surface high  speed imaging experiment due to their advantages of high
resonance frequency and high quality factor. The key indexes affecting the performances of the
three MEMS probes i  e. resonance frequency, effective stiffness and quality factor were
analyzed and compared synthetically with the similar structure dimensions. Based on the above
results, the force sensitivity for these MEMS probes was evaluated. And the results show that the
ring shaped MEMS probe is fit for high precision imaging of the flexible object, while the 12
shaped MEMS probe is fit for high speed real time imaging in a wide range. Through the
optimization of the mechanical structure and detection circuit, the force sensitivity of the MEMS
probe is expected to reach and surpass that of the current cantilever probe.
Key words: micro  electromechanical system (MEMS); resonator; force sensitivity; atomic force
microscope (AFM) probe; quality factor; resonance frequency
CLC number: TH742.9Document code: AArticle ID: 1671-4776(2018)05-0351-08
DOI:10.13250/j.cnki.wndz.2018.05.009PACC:0779
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Design of a Low Noise Optical Beam Deflection

Detection System with High Sensitivity

Qu Zhanga,b, Wu Xingshenga,b, Wei Jiuyana,b, Ma Zongmina,b

(a. Science and Technology on Electronic Test and Measurement Laboratory;

b. School of Instruments and Electronics, North University of China, Taiyuan 030051, China)
Abstract:To improve the detection sensitivity of the home  made non  contact atomic force
micro  scopy (NC  AFM) under the ultra  high vacuum (UHV) at room temperature and to
obtain the high resolution atomic image of the material surface, the method of the optical beam
deflection detection was researched emphatically based on the comparison of three methods of
the probe oscillation displacement detection with the AFM. And the detection sensitivity and
noise of the method were analyzed theoretically. And then a low noise optical beam deflection
detection system with high sensitivity was designed, ensuring that the laser spot of the system
can be focused on the cantilever accurately, the laser path can be aligned easily and intuitively,
and the oscillation of the cantilever and the resonant frequency of the probe can be detected
efficiently. The quality of the collimation laser and the alignment of the laser path were
demonstrated through the experiment, and then the probe oscillation experiment was carried
out using the system in the UHV ~ NC  AFM. The results show that the resonant frequency of
the probe is 161 736 8 kHz, and through calculation, the probe resonant quality factor is 12
939, verifying high sensitivity and low noise performance of the system. Further, it is expected to
be applied to improve the resolution of the AFM.

Key words:optical measurement; non  contact atomic force microscope(NC  AFM); optical
beam deflection detection; high sensitivity; low noise; resonant frequency
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Self  Aligned Technique for the Driving Structure of
Optical MEMS Chips
Zhang Xiaolei, Xu Yongging, Du Miaoxuan

(The 13th Research Institute, CETC, Shijiazhuang 050051, China)
Abstract:The precise aligning between the electrostatic driven fixed comb and movable comb is
considered to be the main issue during the fabricating process of the vertical comb electrostatic
driven micro opto electro  mechanical system (MOEMS) chip. Aself  aligned technique
was developed with once photolithography, pre  mask for the comb fixing structure, and then
two sequential deep reactive ion etching (DRIE) process, by which the fixed comb and movable
comb were precisely aligned successfully. The electrostatic comb driven optical variable
attenuator (VOA) and optical switch(OSW) chips of good optical characteristics were fabricated by
the technique. The deflection angle of the micro mirror of the VOA chipwas0 5° at 6V static
driving voltage, the deflection angle of the micro mirror of the OSW chipwas3 0° at55V
static driving voltage. The result shows that the self  aligned technique can be a very promising
approach to easily fabricate low  cost mass chips.
Key words:optical communication; micro  opto electro  mechanical system (MOEMS);
vertical comb drive; micro mirror; self  aligned technique
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Simulation and Experiment of an Optical Detection System
for Microfluidic Droplets
Zhang Daosenl, Wang Shanshanl, He Guannanl,2, Guan Yefengl
(1.Guangdong Shunde Industrial Design Institute (Guangdong Shunde Innovative Design
Institute),
Foshan 528311, China; 2. School of Electromechanical Engineering, Guangdong University of
Technology, Guangzhou 510006, China)
Abstract:The optical detection system of the microfluidic droplet was designed by the TracePro
software, and the component models of the system were built. The change of the optical
intensity signal was simulated, which was caused by the droplets with different sizes and bubbles
with different shapes flowing through the detection window. Then, the relationships between the
optical intensity signal and the sizes, shapes of the droplets were analyzed. Meanwhile, an optical
detection experiment apparatus was built to detect the droplets and bubbles formed in the
microfluidic chips. The experimental results are accordant with the simulation results. The results
show that the greater the diameter of the droplet is, the greater the optical intensity is; the
longer the longitudinal length of the droplet is, the wider the peak separation is; meanwhile the
droplet and bubble can be distinguished. The design of the optical system was optimized by the
simulation of TracePro software to provide a reference for building the optical experiment
platform. The optical detection system can be used to monitor the size uniformity of droplets,
calculate the formation frequency of droplets and count the number of droplets accurately.
Key words:microfluidics; droplet detection; optical simulation; optical detection; TracePro
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